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ABSTRACT

An additional focusing test using two ferrite stacks opposed so as to yield a
reversed-field was made. Performance was only moderate, with 75 percent beam trans-
mission being obtained at rated helix voltage. A very promising magnetic circuit con-
figuration using a straight-field Alnico 5 magnet has been devised. The external fringing
field is effectively shielded and the cathode field is peaked to about 750 gauss. Two tubes
have been built with stepped-diameter gun bulbs, permitting the use of a gun stack with
less than 1/2-inch diameter. One of these operated with a best noise figure of 3.1 db.

A half-inch pin base has been developed, in addition to a coupler with 3/4-inch diameter.

These size reductions permit the use of a small, light-weight magnet.
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INTRODUCTION

This development program is concerned with the achievement of low-noise amplification
in a focusing structure using periodic permanent-magnet focusing. The objective is to
realize a noise figure of 3 db in such a device, with small-signal gain of 25 db, these
performance figures to be realized over the frequency band 2.7-3.3 Ge. In addition, the
phase stability of the tube should be + 5 degrees.

The achievement of these goals entails two principal problems; first, the development of
a focusing structure capable of yielding nearly perfect beam transmission, and secondly,
modification of the tube design so as to yield substantially the noise properties in the
permanent magnet system as in a solenoid. This report describes work done in both re-
versed-field and straight-field focusing. A significant advance in the mechanical design
of the tube is described. It permits a substantial reduction in the diameter of the tube
capsule, thus easing some of the size restrictions on the magnet. Finally, certain char-
acteristics of the tube with regard to phase shift of the rf signal are described.

DISCUSSION

A.  Status of Permanent-Magnet Focusing Methods

Reversed-Field

Work using opposed Alnico 5 magnets in a reversed-field configuration was described
in the last Quarterly Report. Additional work was performed this quarter using a
stack of ceramic magnets with polarity reversal at the middle. A cross-sectional
sketch of this stack is shown in the Fig. 1. The individual magnets are ferrite discs
1.4 inches in diameter with a center hole 0. 75 inches in diameter, and 1/2inc¢h

thick. They are separated by Hipernik discs ¢.014 inch thick, with a 0.25-inch
center hole. The field developed by this stack reaches a maximum of 900 gauss near
the ends, falling to 750 gauss in the middle of the straight-field sections. Focusing
performance was only fair,, beam transmission being 75 percent with the helix at

180 volts.

Tests to date seem to indicate that the adjustments are somewhat critical to achieve
proper reversed-field focusing. The advantages of small size and light weight might
be offset by this critical nature.



Fig. 1 - Cross sectional sketch of reversed-field ferrite magnet assembly. The
field strength varies between about 900 gauss near the ends to 750 gauss near the
center of the uniform-field sections.



The problem is more pronounced, of course, the lower the beam voltage. With
the present helix voltage of 180 volts, it is questionable whether reversed-field
focusing is the optimum solution for best repeatible low-noise performance.

PM-PPM Focusing

No additional work has been done this quarter on focusing in a combined straight
and periodic field.

Straight-Field Focusing

Recent developments lead to renewed consideration of the advantages of straight-
field focusing. One of these is the ability to shield the fringing field of the magnet
sufficiently to eliminate defocusing effects caused by other magnets or iron objects,
and the other is the development of a tube and coupler with considerably reduced
diameter.

The solid curve of Fig. 2 is a plot of axial field of a seven-inch long Alnico 5 perma-
nent magnet held within a double-walled steel shield. The dashed curve shows
longitudinal field measured on the outside wall of the 4. 5-inch diameter outer shield.
The dotted curve shows longitudinal field at the same diameter in the absence of
shielding. Two features are significant. First, the residual external field is suf-
ficently low that multiple units of the same type can be operated in close proximity
without interference. Secondly, the field on the axis is reduced by this shielding

by approximately 150 gauss. For best noise performance it is necessary to have

a field of about 750 to 800 gauss at the cathode of the tube. Field peaking to this
value can be realized by the assembly shown in the photograph of Fig. 3, along

with the magnet and inner shield can. In the foreground is a stainless steel tube

on which is wound an iron wire field straightener for shunting transverse field
components. At the right end is a pole piece and field peaker. These two elements
form a reentrant structure which boosts the field in the region of the cathode to
greater than 750 gauss. The center tubing has 3/4-inch O.D. In the following section
is described a coupler designed to fit into this tubing. This geometry is expected

to provide a field of sufficient strength to make low-noise operation entirely feasible.

Reduction of Tube Capsule Diameter

In any of the three PM focusing techniques, outside diameter of the tube capsule is
an important parameter.
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It determines the minimum inside diameter of the focusing magnets. 1t is desirable
to have this diameter as small as possible. In straight-field or reversed-field
focusing, the length and weight of the magnet are highly dependent on the I.D. This
is illustrated in the sketch of Fig. 4, which is a plot of weight of a straight-field
magnet suitable for focusing a beam 5 inches long. These curves are based on the
assumption that the magnet length should be equal to the beam length plus twice

the inside diameter, which tends to be slightly pessimistic.

The advantage of reducing magnet length is even more striking when the effects of
shielding the external field are examined. The leakage flux around a straight-field
magnet increases very rapidly with magnet length, as described by Glassl. Accordingly,
the difficulty of shieiding increases rapidly with increasing length. For example,
increasing the magnet length from 7 to 7.5 inches approximately doubles the ex-

ternal field at the surface of the shield.

The gun bulb is generally the principal element in determining capsule diameter.
To effect a substantial reduction in bulb diameter, it is necessary to reduce the
diameter of the gun anodes and of the pin base. Reduction of the anode size has
been accomplished successfully as shown in the photograph of Fig. 5. This shows
a tube with a stepped-diameter bulb. While the pin base is unchanged, the gun
proper has been reduced sufficiently to be used in a bulb with . 55 inch O.D. An
additional modification is that the input rf pin is brought through the glass radially
rather than axially. This renders the input match less sensitive to stray coupling
effects, such as to the anodes.

Two tubes of this type have been built. One failed to operate properly because of
a faulty helix. The other yielded a noise figure less than 5 db over the full 2 to 4
Gce octave, reaching 3.1 db at 2.6 Ge. Gain was approximately 23 db.

The next step is to build a tube with a uniform gun bulb diameter of . 55 inch. The
required pin base, having a diameter of .53 inch, has been developed. A coupler
has also been built, with appropriate size reductions. This coupler is shown in the
photograph of Fig. 6. The basic structural element is a brass tube with certain
axial sections milled away to form a half-shell. Input, mid-section, output and
collector blocks are located at the full-round sections. This coupler is adapted to
match the radial input pin. It includes a quarter-wave stub at the input for main-
taining the helix at system ground. In addition, this stub provides an extra degree
of freedom in matching the input, making possible an excellent broadband VSWR.
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Fig. 4 - Magnet weight vs inside diameter, for focusing a five
inch long beam.
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-inch capsule. The gun bulb,which has an O.D. of 0. 55 inch,

Fig. 6 - Photograph of coupler designed to fit 3/4

is held at the right end.




The alternative, a dc block in the rf input line, is much less desirable since it

adds additional input loss which degrades noise figure. The coupler fits in a
stainless steel capsule with 3/4-inch O.D. The resulting advantage in terms of
magnet design is obvious. This size reduction is believed to represent a very de-
finite advance because of the simplification in magnet requirements. Minimum length
and diameter are both sought in the magnet, to render shielding easier and to reduce
bulk.

Phase Shift
Total phase shift through a traveling-wave tube is given by the expression of Eqn (1)

¢ = 15,400 Lf degrees (1)
v

where L is total signal path length along the helix in inches
f is signal frequency in Ge
V is helix voltage in volts

Two operating parameters with respect to phase shift are important in a traveling-
wave tube. The first is phase stability with respect to voltage changes in the power
supply. The other is variation of phase shift with frequency. 1ldeally, TWT phase
shift increases linearly with frequency. The principal deterrent to a linear phase
characteristic is reflections along the signal path. Multiple reflections cause stand-
ing waves which yield periodic variations of phase shift vs frequency.

Measurements of phase sensitivity of the WJ-253 with respect to helix voltage yield
a value very close to 25 degrees/volt. Generally the helix is the most sensitive
element with respect to phase shift. From the above figure, it is evident that a
change in helix voltage of 0.2 volt would cause a change in over-all tube phase shift
of 59. Based on a helix voltage of 180 volts, this represents 0. 11 percent variation.
To eliminate power supply changes from consideration in their effect on phase shift,
a ripple and regulation specification of 0. 05 percent should be adequate. The fact
that anode voltage variations partially cancel the effect of helix voltage changes is
also helpful in this regard.

-10 -



CONCLUSIONS

Moderate success has been attained with reversed-field focusing. With certain mechanical
modifications it appears that full beam transmission can be achieved, but at the cost of
being quite critical in adjustment.

Straight-field focusing appears quite promising, based on the ability to shield an Alnico
magnet satisfactorily. The use of a straight-field magnet is aided by reducing the cap-
sule diameter to a minimum.

A tube capsule has been built which will accomodate a gun bulb of 0.55 inch diameter.
The diameter of this capsule is 0.75 inch. Reduction of the gun stack diameter has been
proven feasible. Also, a pin base just over 1/2 inch in diameter has been built, which
will allow construction of a tube to match the coupler described above.

RECOMMENDATIONS

Tubes having half-inch gun bulbs should be built and tested. Additional couplers and
magnet assemblies using straight-field Alnico 5 magnets should be built. A complete
package design should be worked out. Three units should be assembled for delivery.

-11 -

—|



REFERENCES

M. S. Glass, "Distribution of leakage flux around a TWT -focusing magnet-

a graphic analysis', Proc. IRE, vol. 46, p. 1751 ff, October, 1958.

-12 -



DISTRIBUTION LIST

Contract No. AF 30(602)-2694

No. of Copies

** RADC (RALTM, Attn: Vandivier) 3
Griffiss Air Force Base, N. Y.

* RADC (RAAPT) 1
Griffiss AFB, N. Y.

* RADC (RAALD) 1
Griffiss AFB, N.Y.

* GEEIA (ROZMCAT) 1
Griffiss AFB, N. Y.

* RADC (RAIS, Attn: Mr. Malloy) 1
Griffiss AFB, N.Y.

* U. S. Army Electronics R & D Labs 1
Liaison Officer
RADC

Griffiss AFB, N. Y.

* AUL (3T) 1
Maxwell AFB, Alabama

ASD (ASAPRD) 1
Wright-Patterson AFB, Ohio

Chief, Naval Research Lab 1
Attn: Code 2027
Washington 25, D. C.

Air Force Field Representative 1
Naval Research Lab

Attn: Code 1010

Washington 25, D. C.

Commanding Officer 1
U. S. Army Electronics R & D Labs

Attn: SELRA/SL-ADT

Fort Monmouth, N.J.

* Mandatory
** Project Engineer will enter his symbol and name in the space provided



No. of Copies

National Aeronautics & Space Administration 1
Langley Research Center

Langley Station

Hampton, Virginia

Attn: Librarian

Central Intelligence Agency 1
Attn: OCR Mail Room

2430 E. Street NW

Washington 25, D.C.

AFSC (SCSE) 1
Andrews AFB
Washington 25, D. C.

Commanding General 1
U. S. Army Electronics Proving Ground

Attn: Technical Documents Library

Ft. Huachuca, Arizona

* ASTIA (TISIA-2) (If not releasable to ASTIA, Minimum of
Arlington Hall Station IAW AFR 205-43, send the 10 10 copies
Arlington 12, Va. copies to RADC (RAAPP-2) for

secondary distribution)

AFSC (SCFRE) 1
Andrews AFB
Washington 25, D. C.

Hq USAF (AFCOA) 1
Washington 25, D.C.

Commander 1
U. 8. Naval Air Dev Cen (NADC Lib)
Johnsville, Pa.

Commander 1
Naval Missile Center

Tech Library (Code No. 3022)

Pt Mugu, California

* Mandatory



No. of Copies

Bureau of Naval Weapons 1
Main Navy Bldg.

Washington 25, D. C.

Attn: Technical Librarian, DL1-3

Redstone Scientific Information Center 1
U. S. Army Missile Command
Redstone Arsenal, Alabama

ADC (ADOAC-DL) 1
Ent AFB, Colorado

AFFTC (FTOOT) 1
Edwards AFB, California

Director 1
U. S. Army Engineer R & D Labs

Technical Documents Center

Ft. Belvoir, Virginia

ESD (ESRL) 1
L. G. Hanscom Field

Bedford, Mass.

Commanding Officer & Director 1

U. S. Navy Electronics Lab (LIB)
San Diego 52, California

ESD (ESAT 1
L. G. Hanscom Field

Bedford, Mass.

Commandant 1

U. S. Army War College (Library)
Carlisle Barracks, Pa.

APGC (PGAP]) 1

Eglin AFB, Florida

AFSWC (SWOI) 1

Kirtland AFB, N. Mex.

AFMTC (Tech Library MU-135) (UNCLASSIFIED ONLY) 1
(MTBAT) (CLASSIFIED ONLY)

Patrick AFB, Florida



Advisory Group on Electronic Devices
Attn: Mr. Warren Kramer

346 Broadway

New York 13, N. Y,

Microwave Associates
Attn: Dr. Saint John
Burlington, Mass.

Airborne Instruments Laboratory
Attn: Mr. Lombardo
Deer Park, L.I., N. Y,

General Electric Company
Attn: Mr. W. A, Harman
Palo Alto, California

Radio Corporation of America
Attn: Mr. Rudy Siemens

744 Broad Street

Harrison, N.J.

No._of Copies

3



=

QIIJISSV'IONN

uosiorvas] ‘d'd 1
IML LANDVIN

(x9A0)
onpoudew Suistwioad £19A ¥ -988]]0A X1[8Y

pojea je paurelqo 3uloq UOISSTWSUBI)
uteaqjuadxad Gz qm ‘9jeIapowr A[UO SBM
90UBULIOLIdd "OpBW SBM PIS1J-POSISAdl
® p191£ 03 se os pasoddo syoels 9IIA}
om} 3uisn 3593 Sursnooj (euol)Ippe uy

1xodoax parjisseroun
(2090S¥ AselL ‘906y “foad)
‘snqqt ‘1our 3d g1 2961 I9qUILORQ
‘ugsioeas] ‘d ‘d

QIIIISSVIONN

uosioras] ‘d ‘d I
IML LINDVIN -

(x940)
onoulew Suisturoad LxaA v -adejjoA X119
pajea je pauleiqo Suraq UOISSIWSURI)
wesqjuaoxad g, qNm ‘ojeIspowr A|UO SEM
90UBULIOJIDJ "OPBUI SBM P[31J-POSIoAaX
® p1a1£ 03 st os pasoddo s)oels aNIIA]
om} 3uisn 3593 3uisnoo0} [RUOINPPE UV

1xodax parjissejouf)
(20906¥ ¥selL ‘906% foad)
‘snqqt ‘pour 3d g1 ‘2961 I9quuadad
‘udsiaeas] 'd ‘d

ININVINTId Aq ‘IML LINODVIN ININVINEIJ LNINVINHI A Aq ‘IMI LANODVIN ININVINHAL
ol1adolvdd dSION Oldo1gdd IASION-MOT ANVHE-S | O1dOIddd ISION J1dOoIgdd dSION-MOT ANVH-S
-MOT ANVE-S T | Ji[eD ‘03 vV Oled ° 0D UOSUYOL-SUIHIEM -MOT ANVE-S 'T | Jed‘03V O[B4 ‘ '0D uosuqopf-sunjiem
JIIJISSVIONN av IIJISSVIONN av

AIIISSVIONN (x340) AATAISSVIONIN (x840)

uosioeasI‘'d'g 1
IML LANDVIN
LNINVINGAd
01O dd ASION
-MOT ANVE-S 1
dIIAISSVIONN

oneudew Suistwoad A1aa ¥ -a8ejjoA X1[9Y
Pe3ea e paule)qo 3uloq UoISSIWSUBI)
ureaq juoodad G YIM ‘9jeIspowr A[uoc SBm
90UBWLIOIIOd "9PBW SEM PIO1]-PISIIAIX
® p1o1£ 03 se os pasoddo sxoe)s 9NIId]
oM} 3uisn 893 3ursndoj jeuoclINpPpe Uy

jxodox parjisseroun)
(2090¢% 3selL ‘906% ‘foad)
"Snq[1 "1oul “8d 21 ‘2961 JoquIada(q
‘uosioeas] ‘d ‘49
Aq ‘IMIL LANDVIN LNINVWNIIL
O1dOIYdd ASION-MOT ANVI-S

J1e) ‘ojvy ored ¢ *0) uOSUYyoL-SUTHIEM

av

uasioeas] ‘d'd ‘1
IML LINDVIN
LNINVINHId
OIdoIddd ISION
-MOT ANVI-S 1
TAIJISSVIONN

o1joudew Suisturoxd Axaa v -a8ejjoA X1[ay
pajed je paurejqo Suiaq UOISSIUISUBI)
weaquaoaad g2 YPM ‘9jeIdpowW AJUO SBM
AOUBUWIOIISJ °“Opeul Sem PI31}-PosIsAaa
® pIot£ 0} sB os pasoddo syoe)s 9j11I9)
om} 3uisn 3593 SuISno0J [BUOIIPPE UY

jxodax poarjisserouf)
(z0905% ¥sel ‘90cy ‘(oxd)
snipt couwt 3d g1 ‘96T IoquadaQ
‘uasioels] ‘d ‘'d
Aq ‘IMI LANOVIN INANVINUAL
O1dOIMAd ASION-MOT ANVHE-S

JI1eD ‘0)iV Oled ° ‘0D UOSUYOL-SUNIEM

av




ad11ISSVIONN

*jouldew
ySram-yB11°[1BWS B JO Isn ay3 Jjwrad suony
L ONPaJ 9Z18 383Y ], ' IIPUIEIP YOuI-H /¢ YIm
1a1dnoo 8 03 uo1IpPE Ul ‘pado]aAap Usdq 88y
asequid youl-J18q v "qp 1 "¢ Jo eandj asioun
Fmon B Y11m pejerado 989Y3 JO UO °II)PWEIP
youy-z/1 ueq) 8891 {314 0818 und 8 Jo 9sn

sy Supiwmarad ‘sqinq und zejpwBip-pad
L doys §31m 3]1Nq U3aq 9ABY 89q NJOM L ‘ssned
05 L Inoqe 03 payead 81 P12 1] 2POYIBd 3 pUs
popIa1ys A[3A1309]J9 81 p[a1} SuiBuya) [eulad)
-X0 9\ L ‘POSIAIP Uleq S8y 19udewt g 001U}V
P191J-31Y318I38 B Buisn UojyeIndJuod JNOI1O

QJIJISSVIONN

*Puldvwu
1303..2&: ‘[1euxs ¢ Jo osn oy} Jjmaod suoyny
L ONpad 3218 9894 L, ‘I9PWEIP YOUl-§ /¢ [IIM
ﬁoasoo v ojuonyIppe uy ¢ pedojasap uoeq svy
oseq uid goul-Jieq v qp 1 "¢ Jo o.m3yj esjou
hsaq B )14 paiexedo 099Y) JO U *I9}WEIp
qouy-z /1 Uey) 889 [I1M )O¥I8 Und ¥ Jo 38N
o Bunjymaed ‘sqinquni xereureip-pod
-do3s g31m 3]ING USdq OAWY FIQRIOML * ssneld
05 L Jnoqe o} pexead 81 p1at) spoqed Iy} pue
Pop1a1Ys A10A1300)@ 8] P1o1) BuiBuia) [vuray
-X@ 9Y,L 'PosIAIP Useq sey jJeudvw g 0oju Vv
P191J-1yByea3s ¥ Buen UojEINBYJUOD N0}

AA131SSVIONN I LAISSVIONN av
AI1JISSYVIONN dIIJISSVIONN

*joulew ‘Pulsw

Brom-y31] ‘1]8Wis B Jo asn ay) Jjwaad suoly MmBrom-1q3y] *1ews ® Jo a8n 3y jjuryed suol}

ONpaJ 9Z18 9894 | “JIIIDWBIP Youl-¥/¢ YA |-ONpPYJ 9Z18 989Y L "I9PWSIP YOoUul-§/¢ YA

191dnoo B 03 UOTJIPPE U] ‘podoaA3p Uaaq sey l191dnoo 8 03 UO1IPPR Uy ‘pedo(aadp usaq svyq

assquidyour-Jieq v "qp 1 "¢ Jo aan3ijesjou aseq uid goul-J|eq v "GP 1 '€ Jo aandyj Isjou

189q ¥ Y}1M pajeIado asay) Jo aup °JI9)WBIp 189q 8 1M pajeIado 9893 JO 9UQ *IIIQWSIP

your-z /1 uvyj 883a] Y31m yoes und 8 jo asn qouy-Z /1 uey) 8891 YIiM }{o¥is und B Jo asn

ayy Junwaed ‘sqinq unl xajpureip-pad oy Buppywaad ‘sqng un3 zaeweip-pod

-dajs 431M J1Inqueaq Ay 8aqnjoM], ssnel —do18 Y31M }[Inq UISQ SABY SaqNIOM L “Ssned

05, noqe 03 payead s1p1a 13 9poy)Bo 3y3 pue 0S. Ioqe 03 payead s1 p[al] apoyIBd oy} pue

Papiaiys Ajaa1309e 81 p1at} Buiduja) [suld) Pap1otyYs A]19A1309]39 81 P131) BurBuiaj jeuay

-X9 9y I "PAs1AaP Uaaq sey joulew g 001UV -X3 9y L ‘PIsIA9p usaq swvy Joudewr g 021Uy

P191J-14 318118 8 Bu1Sn UOI}BINIIJUOD JINIIIO [p1e1)- 14318138 B Bursn UoCIIBINBYJUOD NIITD

I IJISSVIONN dAIIISSVIONN av




1

IAIIISSVIONN

uesiovas] ‘d°d 1

(10A0)
o1joulew Butsynolad £x9A ¥ “93eljoA X119y

pajea e paurviqo 3utoq UOISSIWISURT)
weaq juaorad g Yiim ‘9jBIapowr A[uo sem
9OURULIOLIS] 'OpBW SBM PIolJ-POSIdAdX
€ p1oi£ 0} sk os pasoddo s}oB)S 9I1I19]
om) Suisn )59} 3uisnoojy 1BUCIIPPE UY

y1odaa pearjisseiouf)

(2090S¥ 3sel ‘906y foad)
‘sn1 ‘1oul "3d g1 ‘2961 I9quieded

AATLISSVIONN

ussjoeas] ‘d ‘d I

(x9A0)
onjeuldew Bursiwoad A13A ¥ ‘98e)[0A XI[9Y

Pojea je paule)qo 3uraq UOISSTWSUBIY
weaq juadtad gy, Yim ‘9jeJopout A[UO Sem
90UBWLIOJISd '9PBUI SBM PI31J-Posiasaa
® pia1£ 0} se o8 pasoddo s)oB}S INIIIJ
oMm) Suisn 1593 3ursnoo} (vUOIIPPE UY

jxodaa parjisseiouf

(z2090¢¥ AselL ‘90sh "(oxd)
sn[[1 ‘[our "3d g1 "g961 Ioquuaded

IML LANDVIN ‘ussioras] 'd ‘d IMI LANDVIN ‘uaspoeas] 'd 'd
ININVINUE L £q ‘IMI LANDVIW INANVINYIJ ININVINYAL Aq *IMI LINOVIN ININVINYAL
0I1AOIYAd ISION OlIdOMAd ISION-MO'T ANVE-S | D1dOIMAd ASION O1doI¥dd ASION-MOT ANVI-S
-MOT ANVE-S °T | JIED ‘03[VOled ‘0D UOSUYOL-SURIBM -MOT ANVE-S ‘T | J1BD 03V Oled ° °0D UosSuyopL-suljiem
AIIAISSVIONN av QIAIIISSVIONN av
dIIIISSYVIONA {1240) aa1JISSVIONN - (1aa0)

ussioeas;‘d-'d I
LML LINDVIN
LNANVINHIJ
01dOMAd ISION
-MOT ANVI-S T
qAIAISSVIONN

onjouldew uistwoad £xas v "a3ejjoa X119y
Pojrea e pauleigqo 3uiaq UOISSTUISUBI]
weoqjuadrad g2 UM “9jeIspow AJUO SEM
90UBULIOJIDd ‘OPBW SBM P[21J-POSIaAal
® pIa14 0} s® os pasoddo s)08)S 9)1113]
om} 3uisn 3893 3UISndo0j [BUOIIIPPE UY

jrodaa paijisse[ouf)
(z090¢% diselL ‘905% °foxd)
“sni[t -[our "3d g1 °Zg96T I9quIede(
‘uasideas] ‘'d ‘d
£q ‘IMIL LINDVIN LNANVINHAL
OIdOINAd JSION-MOT ANVE-S
JNBD ‘03VOled ‘0D UOSUYoL-SUTHIBM

av

ussiaeas] ‘d'd ‘1
IML LINDVIN
LNINVINHAJ
OldOMdd ISION
-MOT dNVd-S "1
QIIJISSVIONN

ojeudew urstwoxd Axaa y -adejjoA X1[ay
Pojel je paurejqo 3ulaq UOISSIUISUBI)
ureaqjuaddad ¢ {IM ‘9jerspour AJUO SeM
90UBULIOLIdJ °9PBW SBM P[31J-POSIoAdX
® p1a1£ 01 se os pasoddo syoe}s ajlxIal
om} 3uisn 3593 SuISno0} [BUOLYIPPE UV

jxodax patjissejoun)
(z0905¥ Hsel 905y "foxd)
sl [out "3d g1 ‘7961 JoquadaQ
‘uosiaess] ‘d '€
Aq ‘LML LANOVIN INANVINHIL
O1dOIMAd ISION-MOT ANVL-S
JIIeD ‘ojIvolred ‘ ‘0D uosuyoL-sulyfIBm

av




7.?05 [ —

e e e A T et T ¢ -

JIAIIISSVIONN AJIJISSYTIONN

-joulewt -wulvw

1yS1om-y311 [ eWS B Jo 98N 3y3 JywIad suoyy 1om-1yBy| ‘[[ews ¥ Jo @8n o3 Jjwtad suoyy

L onpod 3218 9894 I, " J3IBWBIP Youl-$/¢ YA ﬂouavou 9718 989Y.L J9IPWBIP YOUl-$/¢ [IIM

l191dnoo ® 03 uo13Ippe Ul ‘padojaAap usaq 88y a1dnoo v 03 uojyppe uj ¢ podojaAap ueeq svY

asequid youj-J8q v ‘qp I "¢ Jo eandij asiou aseq md gouj-Jieq ¥ “qp 1 "€ Jo .mByj esjou

vuon B Yyjim pejsrado osoyj} JO dUQ °II)9UWBIP h8aq ¢ {1/ pojeIedo 089Y] JO JUQ " I9IPWEIP

youy-z/1 uey) 883] (314 }Ow)s uni 8 Jo asn gouj-g /1 Uy} 889 [3jM )08 und ¥ Jo asn

oy Buipimaad ‘sqinq und zejowrvip-pad o) Sunyymaed ‘sqing un3 9w weip-ped

-d9)8 §I1M 3|INq Uaaq dAsy saqnjom ] ‘ssneld ﬁaoun Q1A 111NQ U99q 9AYY 8GRI OA, "ssnel

0G2 Inoqe 03 payead s p[a 13 3poY38d 3¢3 pus 05, noqe 03 pexead 81 p[a]] 9poIed Iq) pue

PopIa1ys A[aA1309}J9 81 P[a1} BuiBull) [BUId) PopP1a1Ys A19A1309)9 8] P1o1) SwpBut) [vuray

-X0 8y L, "PoS|AaP US9q SBY oUW G OOTUY -X0 94 L 'PoSIAIP US9q §¥Y 19uswu G 01Ul v

P1o1J-14318138 8 3uiSn UcIIBINBIJUOD JNOILO Pio1J- 1818138 ® Buisn uojIvanB) Juod 3yndI}d

JJ1AISSYIONN JIIJISSV'IONN av
QdIJISSYVIONN QILJISSVIONN

‘jeuBewa ‘pufem

1qyB10m-3q81] ‘[1vws B Jo 98N oY) JjwIad suoy3 fwuok..ﬁw: ‘11ews ® Jo a8n a3 Jjurred suoyy

-ONPoJ 3718 389Y I, *1919WBIP Youj-§/¢ YI1M -onpoJ @Z18 989y L "I9IPWSIP YOoul-§ /€ qIiM

I91dnod B8 03 uo1Ippe U} ‘padoarap uaaq sey l191dn0O 8 03 UOIIPPE U] ‘podo[oAdp Useq S¥Yq

asequid your-J|¥q v ‘qp 1 "¢ Jo aan3iyesjou eseq uid youl-Jeq v "qp I "¢ Jo aanByj asjou

189q B Y31M pajerado agay} Jo auD - I9jWB(p 189q € {31 M pajeredo 989y} JO 9UQ °IIIOWBIP

your-z/1 usy) 8891 Y31M yous und v jo asn qou}-Z /1 uey) 8891 {31M 0¥}s un3 ¥ jo asn

ayy 3unjjwaad ‘sqing und xajowerp-pad ay) Suyiwaad ‘sqinqun3 zajeweip-pod

-do3s y31M JjInqueaq aaey 8ag njom L, "ssneld ~-dajs q11m J[Inq Useq A8Y 88qNIOM [, ‘Senel

05 L 1oqe 03 payead s1 P13 1] 3poy)ed 3y} pus 0S L Woqe o} payead 81 p1el] apoyied oql pue

pap1alys A[aA1300]30 81 plat) Surdulajy [eute) papIatys A12A1300332 81 p1a1) BurBujay [euray

-X9 9y L "PIsS1A9p Uaaq SBY jJoulBw ¢ 0OTUIY -X92 9Y], 'PosiA9p usaq sey joudew g 001Uy

P121J~-1y318I3s B Bu1Sn uo1jeIndijuod JIndI1o fpte1- 1qB1ea)s € Buisn uo}jeIn3yJuod INJII0

Q3IJISSVIONN IIJISSVIONN av




